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ABSTRACTED - PUB - NO : JP0 4 0 6 3 8 1 0 A 
BASIC -ABSTRACT: 

An acrylate/norbornene copolymer comprising (A) a unit derived 
from a (meth) acrylate ester, (B) a unit derived from a cpd. 
contg. norbornene skeleton and (C) a unit derived from a cpd. 
copolymerisable radically with (B) is prepd. by radical 
polymerisation . 

Pref. (A) is of formula (I), where Rl is H or methyl and R2 is an 
opt. substd. (1-12C) aliphatic, alicyclic or aromatic hydrocarbon 
(e.g., methyl, ethyl, n-butyl, isobutyl, sec. -butyl, t -butyl, 
2-ethylhexyl , 2 -ethoxyethyl ; etc.). (B) is pref. of formula 
(II) , where W is H or methyl, X and Y are each independently H or 
an opt. substd. hydrocarbon gp . having up to 10C, an up to 1-10C 
alkoxy, CN or a gp . of formula: (CH2)pOH, (CH2)qOCOR3 or 
(CH2)rCOOR5 (where R3 and R4 are each independently X or Y, p, q 
and r are each = 0-10 and m is zero or 1) or of formula (III), 
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where Z is an opt. substd. divalent (3-20C) hydrocarbon and n is 
1 or 2. (C) is pref. a maleate ester of formula (IV), where R5 
and R6 are each independently an opt. substd. (1-12C) aliphatic, 
alicyclic or aromatic hydrocarbon gp . or a N-substd. maleimide of 
formula (V) , where R7 has the same meaning as R5 or R6 or 
alpha-cyanosuccic acid or its ester with a (1-12C) alcohol or an 
alcohol contg. an alicyclic skeleton or an aliphatic alcohol. The 
copolymer is prepd. by bulk-, soln.-, emulsion- or suspension 
polymerisation in the presence of an initiator (e.g., an organic 
peroxide cpd. or azobis cpd.). 

USE /ADVANTAGE - The copolymer has high heat resistance, ^ 
mechanical strength and transparency. It is used as optical parts 
such as optical discs, lenses, etc., pts . for lightening 
equipments or vehicles, display boards, sign boards, building 
materials, etc. 

ABSTRACTED - PUB - NO : JP 0 4 0 6 3 8 1 OA 
EQUIVALENT -ABSTRACTS : 

CHOSEN-DRAWING: Dwg.0/0 

DERWENT- CLASS: A14 A17 A89 

CPI-CODES: A04-F06A; A04-G; A10 -B01 A12-L03-; 
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Specification 

1. Title nfthe invention 

Acryl-norbornene copolymer and its manufacturing method 

2. Claims 

1 . An acryl-norbornene copolymer which possesses (i): A constituent unit of an acrylic acid 
ester and/or methactylic acid ester monomer, (ii): A constituent unit of a monomer which is a 
compound which possesses a norbornene skelton, and (iii): A constituent unit of a monomer, which 
is a compound that can be radical-copolymerized with said compound which possesses a 
norbornene skelton and the numerical average molecular weight of which, based on the polystyrene 
standard as it is measured by means of gel permeation chromatography, is 5 x 1 0 tl,Iegib,cl - 3 x 

10 [il)cgibie] 

2. The acryl-norbornene copolymer specified in Claim 1 wherein said compound which 
possesses a norbornene skelton is a compound represented by the following general formula 11: 




(wherein W signifies a hydrogen atom or methyl group; X and Y each signify a hydrogen atom, 
hydrocarbon groups which may possess substituents which contain 10 or fewer carbon atoms, 
alkoxy groups which contain 10 or fewer carbon atoms, groups represented by the following 
general formula: CH(jii cg ibic])(i]icgibic]OH, groups represented by the following general formula: 
(CH[iiicgibie])[iiiegib!e]OCOR^ ,,c5,hlc) , groups represented by the following general formula: 
(CHfiiieeibie]) w or a cyano group; in the above, R filtl * blcJ and R [illcgiblc] each signify a 

hydrogen atom or hydrocarbon groups that contain 10 or fewer carbon atoms and which may 
possess substituents; p, q, and r each signify integers of 0 ~ 10; m signifies 0 or 1). 

3. The acryl-norbornene copolymer specified in Claim 1, wherein said compound which 
possesses a norbornene skelton is a compound represented by the following general formula HI: 

CO 

(wherein Z signifies a divalent hydrocarbon group that may possess a substituent which contains 3 
- 20 carbon atoms; n signifies 1 or 2). 

4. The acryl-norbornene copolymer specified in any one of Claims 1 through 3 wherein said 
compound which can be radical-copolymerized with said compound that possesses a norbornene 
skelton is maleic anhydride. 

5. The acryl-norbornene copolymer specified in any one of Claims 1 through 3 wherein said 
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compound which can be radical-copolymerized with said compound that possesses a norbornene 
skelton is a maleic acid ester represented by the following general formula IV: 



o o 

R'-O-C-CH-CH-C-O-R* { V ) 



(wherein R [iUe6iblcJ and R [illegibleJ each signify a hydrogen atom, aliphatic hydrocarbon groups that 
contain 1 - 12 carbon atoms and which may possess substituents, alicyclic hydrocarbon groups, or 
aromatic hydrocarbon groups). 

6. The acryl-norbornene copolymer specified in any one of Claims 1 through 3, wherein 
said compound that can be radical-copolymerized with said compound which possesses a 
norbornene skelton is an N-substituted maleimide represented by the following general formula V: 



(wherein R [iUcsib,eJ signifies an aliphatic hydrocarbon group that contains 1-12 carbon atoms and 
which may possess a substituent, alicyclic hydrocarbon group, or aromatic hydrocarbon group). 

7. The acryl-norbomene copolymer specified in any one of Claims 1 through 3, wherein 
said compound which possesses a norbornene skelton that can be radical-copolymerized with said 
compound is either a-cyanocinnamic acid or an ester of a-cyanocinnarnic acid and an aliphatic 
alcohol which contains 1 ~ 12 carbon atoms, an alcohol that possesses an alicyclic skelton, or an 
aromatic alcohol. 

8. A method for manufacturing the acryl-norbornene copolymer specified in any one of 
Claims 1 through 7, wherein (i'): An acrylic acid ester and/or metbacrylic acid ester represented by 
the following general formula I: 

r 

CH^C-C-O-R' [ J ] 

0 

(wherein R Iille8ib,e) signifies a hydrogen atom or methyl group; R tille6ib,c] signifies an aliphatic 
hydrocarbon group that contains 1 - 12 carbon atoms and which may possess a substituent, an 
alicyclic hydrocarbon group, or an aromatic hydrocarbon group), (ii'): A compound that possesses a 
norbornene skelton, and (iii'): A compound that can be radical-copolymerized with said compound, 
which possesses a norbornene skelton are radical-polymerized. 
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3. Details explanation nf thp invftntirm 

(Industrial application fields) 

The present invention concerns an acryl-norbornene ternary copolymer which yields various 
molded products endowed with excellent dynamic, optical, and thermal properties. 

(Prior art) 

Methacrylic resins that include methyl methacrylate as a main component exhibit excellent 
optical properties and molding processibilities, and accordingly, they arc being used extensively not 
only for transparent materials (e.g., lenses, optical disc substrates, optical fibers, etc.) but also for 
[illegible] panels, displays, cases, display panels, illumination appliances, building materials, 
[bearings], automotive related components, etc. 

The heat resistance of the methacrylic resin of the prior art, however, is insufficient, and 
therefore, it is being used in limited fields that do not require advanced heat resistances. 

(Problems "to be solved by the invention) 

The copolymcrization of maleic anhydride, maleimide, a-methylstyrene, etc. with methyl 
methacrylate has been proposed in order to alleviate this shortcoming of the methaaylic resin. 

Japanese Patent Application Publication No. Kokai Sho 50[1975]-141708, for example., 
notes the copolymerization of maleic anhydride with methyl methacrylate. The water absorbency 
of the methyl methacrylate copolymer obtained in such a method, however, is high, and 
accordingly, its dimensional stability and dynamic properties in a water-absorbed state are 
questionable. In a case^where it is used as an optical material (e.g., contact lens, etc.), therefore, it is 
problematic in that its optical properties vary as a result of water absorption. The coloration of the 
copolymer, furthermore, becomes conspicuous as the internalization ratio of the maleic anhydride 
increases. 

Japanese Patent Publication No. Kokoku Sho 49[1974]-10156, furthermore, discloses a 
resin obtained by copolymerizing a-methylstyrene and maleic anhydride with methyl methacrylate, 
but its thermal stability is insufficient, as a result of which the resin becomes decomposed and/or 
foamed during a molding operation. 

The copolymerizations of N-aromatic substituted malcimides with methyl methacrylate 
have also been proposed (see Japanese Patent Application Publication No. Kokai Sho. 49[ 1974]- 
9753, Sho 61[1986]-141715, and Sho 61[1986]-171708). The N-aromatic substituted maleimides, 
however, are often intrinsically colored, and since the obtained copolymers bear yellowish hues, 
their commercial values diminish significantly. 

Japanese Patent Application Publication No. Kokai Sho 63[1988]-210114, furthermore, 
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notes a high-oxygen-transmission material that consists of a copolymer of a compound which 
possesses a norbornene skelton and which includes a fluorine-containing substituent and a fluorine- 
containing (meth)acrylic acid ester. It is indispensable for each of such copolymers to include 
fluorine, and die obtained copolymer exhibits excellent oxygen transmissivity as it is used for a 
contact lens. Its thermal properties, however, have not been taken into consideration. 

(Mechanism for solving the problems) 

The present inventors compiled exhaustive research on the procurement of a copolymer 
which includes an acrylic acid ester and/or methacrylic acid ester monomer as a main component 
and which yields various molded products endowed with excellent mechanical strengths and optical 
properties as well as favorable heat resistance, as a result of which the present invention has been 
completed after it had been discovered that a ternary copolymer which consists of an acrylic acid 
ester and/or methacrylic acid ester monomer, an alicyclic monomer characterized by a peculiar 
structure, and a monomer which can be radical-polymerized with said alicyclic monomer qualifies 
as a thermoplastic resin with excellent heal resistance, dynamic properties, and transparency. 

~ oth6r words, " the " present invention "provides "an" acryl-norbornene copolymer which 
possesses (i): A constituent unit of an acrylic acid ester and/or methacrylic acid ester monomer, (ii): 
A constituent unit of a monomer which is a compound that possesses a norbornene skelton, and 
(iii): A constituent unit of a monomer which is a compound that can be radical-copolymerized with 
said compound which possesses a norbornene skelton and the numerical average molecular weight 
of which based on the polystyrene standard as it is measured by means of gel permeation 
chromatography is 5 x lO [iUegibleJ ~ 3 x I0 [il,e * ble l 

The present invention also provides a method for manufacturing the aforementioned acryl- 
norbomene copolymer wherein (i'): An acrylic acid ester and/or methacrylic acid ester represented 
by general formula I, which will be discussed below, (ii'): A compound that possesses a norbornene 
skelton, and (iii 1 ): A compound that can be radical-copolymerized with said compound which 
possesses a norbornene skelton are radical-polymerized. 

The acrylic acid ester and/or methaoylic acid ester monomer (i 1 ), which represents the first 
constituent unit of the present invention, can be expressed by the following general formula I: 

B ' 

C Hi- C - C - 0 - fl ' 'M 

j, • * 

6 

(wherein R [,les,ble] signifies a hydrogen atom or methyl group; R fiUe e ible ) signifies an aliphatic 
hydrocarbon group which contains 1-12 carbon atoms and which may possess a substituent, an 
alicyclic hydrocarbon group, or an aromatic hydrocarbon group). 
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Concrete examples of R u 51 CJ include aliphatic hydrocarbon groups such as methyl, ethyl, 
n-butyl, isobutyl, sec-butyl, tert-butyl, 2-ethylhexyl, 2-ethoxyethyl, 4-methoxybutyl ? 2-(N,N- 
dimethylamino)ethyl, etc., alicyclic hydrocarbon groups such as cyclohexyl, etc., aromatic 
hydrocarbon groups such as phenyl, toluyl, etc., etc. 

These acrylic acid ester and/or methacrylic acid ester monomers may be used alone or as 
mixtures of two or more types. It is desirable for the ratio of the constituent unit (i) to be confined 
to a range of 30 ~ 90 mol%. In a case where the ratio of the constituent unit (i) is lower than 30 
raol%, the dynamic properties of the obtained copolymer become inferior, whereas in a case where 
it is higher than 90 mol%, the heat resistance of the obtained copolymer becomes insufficient. 

It is desirable for the compound (ii') of the present invention, which possesses a norbomcne 
skelton and which represents the second constituent component of the copolymer of the present 
invention, to be selected from between a compound represented by the following general formula 
II: 




(wherein W signifies a hydrogen atom or methyl group; X and Y each signify a hydrogen atom, 
hydrocarbon groups which may possess substituents that contain 10 or fewer carbon atoms, alkoxy 
groups that contain 1 0 or fewer carbon atoms, groups represented by the following general formula: 
CHfiiicgibic])[iiie g ibie]OH, groups represented by the following general formula: 
(CH[i]| Cg jbic])[iiicsib!c]OCOR [lUeglblcJ , groups represented by the following general formula: 
CCH[ii!egibie])[iiicgib!e]COOR [i,Ice,b,e] , or a cyano group; in the above, R IU,cgibIc:i and R {U,cgiblc5 each signify a 
hydrogen atom or hydrocarbon groups which contain 1 0 or fewer carbon atoms and which may 
possess substituents; p, q, and r each signify integers of 0 - 10; m signifies 0 or 1) and a compound 
represented by the following general fomiula III: 



A 

(wherein Z signifies a divalent hydrocarbon group which may possess a substituent that contains 3 
~ 20 carbon atoms; n signifies I or 2). 

The aforementioned compound represented by general formula II may be concretely 
instantiated by compounds wherein m is 0 or 1, wherein W and X are both hydrogen atoms, and 
wherein Y is selected from among a hydrogen atom, 
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CHi, COOH, 
COOCH,, CflOCH ( CH„COO(CH,), 
CH., C0OCK.CH(CH,).. COOCH 
(CH.)CH,CH„ COOC (CH,)„ 
C0OCH,CHCC,Hi)(C Hi)rCHii COO 
CCH,)-OCH.. COO CCH.) .NCCH.),, 
COO (CHi) iOCH,CHi, COOCCH, 



CH.OJrClf.CH,, CQQ CHCHtCH.CH.O , 
COOCCH.), OH. COO(CH,)>OH, 

COOC.Hh, coo-^ 

COO-"i-|), OH.QCOCMi.OCOCHi 
CH», OCO(CH,).CH„ QCH.. OCH. 
CH„ OCHfCHOi, 0(CH,),CH„ 
OCH,CH(CH,),. 0(CH.),CH„ 
OCH,CH(C,H,)(CH,),CH,, CH.OIf. 
CH,OCOCH.vCK,OCOCH k CH„ 
C HiOC 0(CH,)»CH»» CH.OCDk 
CHiOCHtCHi, CH,OCH(CH,)„ 
CH,0(CK,}iCH,.CKiOCN,CH(C 
H.),, CH,OCCH,),CH», CH.OCH. 
CHCC.W J(CH.)»CH, 



(the foregoing substituents of CHpucgftte], ... will hereafter be referred to as "substituents of 
hydrocarbon groups, etc." throughout the present specification), and CN. 

Other compounds represented by general formula n are concretely instantiated by 
compounds wherein m is 0 or 1, wherein W is a hydrogen atom, wherein X and Y are each the 
substituents of hydrocarbon groups, etc. specified above. 

Still other compounds represented by general formula II, furthermore, are instantiated by 
compounds wherein m is 0 or 1, wherein W is a methyl group, wherein Y is a hydrogen atom, and 
X is the aforementioned substituent of a hydrocarbon group, etc. 

Compounds represented by general formula m, furthermore, are instantiated by compounds 
wherein n is 0 or 1 and wherein Z is -CH-CH-CHpucgibie]- or 



CH. 



It is desirable for the ratio of the constituent unit (ii) to be confined to a range of 0.5 - 3.5 
mol%. The heat resistance of a copolymer wherein the ratio of the constituent unit (ii) is lower than 
0.5 mol% is insufficient. 

The copolymer of the present invention, ftirthermore, includes the compound (iii'), which 
can be radical-copolymerized with the aforementioned compound which possesses a norbornene 
skelton, as a third constituent component. The copolymerizabiUty of the aforementioned compound 
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(ii 1 ), which is represented by general formula II or III and which possesses a norbomene skelton, 
with the monomer (i 1 ) represented by general formula I is low, whereas a monomer that can be 
easily radical-copolymerized with said compound (ii'), which possesses a norbomene skelton, is 
employed as a third component [sic: Non sequitur]. There are no special restrictions on said 
monomer (in 1 ) to be used as a third component so long as it can be radical-copolymerized with the 
aforementioned compound (ii') 7 which possesses a norbomene skelton, but from the standpoint of 
introducing said compound which possesses a norbomene skelton into the copolymer efficiently, it 
is desirable to use a monomer that yields a highly tautomeric copolymer vis-a-vis Siiid compound 
that possesses a norbomene. skelton. Concrete examples of such monomers (iii') include maleic 
anhydride, maleic anhydride esters represented by the following general formula IV: 

0 0 

R , -0-C-CH-CK-Lo-R 1 

(wherein R [lllcgihlc J and R f,,lcs,b!cJ each signify a hydrogen atom, an aliphatic hydrocarbon group which 
contains 1 — 12 carbon atoms and which may possess a-substituent,-an alicyclic hydrocarbon group, 
or aromatic hydrocarbon group), fumaric acid esters, N-substituted maleimides represented by the 
following general formula V: 

A< : v ; 

(wherein R ti]lc8ible ^ signifies an aliphatic hydrocarbon group which contains 1-12 carbon atoms and 
which may possess a substituent, an alicyclic hydrocarbon group, or an aromatic hydrocarbon 
group), a-cyanocinnamic acid, or an ester of a-cyanocinnamic acid and an aliphatic alcohol that 
contains 1-12 carbon atoms, an alcohol which possesses an alicyclic skeltori, or an aromatic 
alcohol). Thus, monomers with low double bond electron densities are desirable. 

Groups which have been demonstrated above with regard to R [,Ilfrg,b,el in general formula I 
may be employed as the aliphatic hydrocarbon groups that contain 1-12 carbon atoms ^and which 
may possess substituents, alicyclic hydrocarbon groups, and/or aromatic hydrocarbon groups 
corresponding to R^ iblc l and R^m ^ ±Q ^ otea ^ ot ^ gen eral formula IV and R' iI,c s ib,c) in 
the aforementioned general formula V. The aforementioned monomers with low double bond 
electron densities are easily copolymerized with the acrylic acid ester and/or methacrylic acid ester 
monomer, and it yields a ternary copolymer with an excellent heat resistance wherein the 
internalization ratio of the constituent unit of the monomer represented by the compound that 
possesses a norbomene skelton is high. Of the aforementioned examples of monomers (iii')> the 
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maJeic anhydride and N-substituted maleimides are especially desirable in that they yield 
copolymers with high glass transition points. 

It is desirable for the ratio of the constituent unit (iii) to be confined to a range of 0.5 - 35 
mol%, for in a case where the aforementioned monomer (iii 1 ) is fed in such a way that the ratio of 
the constituent unit (iii) will be lower than 0.5 moI%, it becomes difficult to prepare the copolymer 
of the present invention. 

Any one of conventionally known mass polymerization methods, solution polymerization 
methods, emulsion polymerization methods, and suspension polymerization methods may be used 
for manufacturing the copolymer of the present invention, but in a case where maleic anhydride is 
employed, it is desirable to resort to the mass polymerization method or solution polymerization 
method from the standpoint of avoiding the hydrolysis of the monomer. In particular, the solution 
polymerization method is especially desirable in that it enables an easy removal of polymerization 
heat. 

Concrete examples of solvents which can be used for the solution polymerization method 
include methanol, isopropyl alcohol, butyl alcohol, acetone, methyl ethyl ketone, methyl isobutyl 
ketone, "cyclohexandhe; tetr^ydrofurari, dioxane, butyl Cellosolve," dimethylformamide, dimethyl 
sulfoxide, benzene, toluene, xylene, ethylbenzene, acetonitrile, etc. These solvents may be 
employed alone or in combination of two or more types. 

Concrete examples of polymerization starters which can be used for manufacturing the 
copolymer of the present invention include organic peroxides such as acetyl peroxide, benzoyl 
peroxide, p-chlorobenzoyl peroxide, isobutyryl peroxide, bis-3,5,5-trimethylhexanoyl peroxide, t- 
butyl hydroperoxide, cumene hydroperoxide, diisopropylbenzene hydroperoxide, di-t-butyl 
peroxide, t-butylcurnyl peroxide, dicumyl peroxide, 2,5-dimethyl-2,5-(t-butylperoxy)hexane, 1,3- 
bis(t-butylperoxyisopropyl)benzene, 1 ,l-di-t-butylperoxy-3,3,5-trimethylcyclohexane, 1 ,1-di-t- 
butylperoxycyclohexane, 2,2-di-t-butylperoxybutane, t-butyl peracetatc, t-butyl perbenzoate, t-butyl 
peroxyisopropylcarbonate, diisopropylperoxy dicarbonate, etc. and azobis compounds such as 2,2- 
azobis(2,4-dimethylvaleronitrile), 2,2'-azobisisobutyronitril e, 1 , 1 -azobis(cyclohexane- 1 - 
carbonitrile), 2^-azobisisobutyronitriIe, 2-cyano-2-propylazoformaldehyde, 2,2-azobis- 1 - 
cyclobutanenitrile, 4,4-azobis-4-cyanopentanoic acid, 2,2-azobiscyclopropylpropionitrile, etc. 
These polymerization starters may be used alone or in combination of two or more types. 

In the context of manufacturing the copolymer of the present invention, furthermore, it is 
also possible to use a chain transfer agent for the purpose of adjusting the molecular weight. 
Concrete examples of such chain transfer agents include primary, secondary, and/or tertiary 
aliphatic mercaptans such as n-butylmercaptan, isobutylmercaptan, sec-butylmercaptan, tert- 
butylmercaptan, n-octylmercaptan, sec-dodecylmercaptan, etc., aromatic mercaptans such as 
phenylmercaptan, thiocresol, 4-t-butyl-p-thiooresol, etc., and thioglycolic acid and its esters. They 
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may be used alone or in combination of two or more types. 

During a polymerizing operation, it is desirable for dissolved oxygen to be preliminarily 
expelled from the system by means of vacuum suction or nitrogen substitution. It is desirable for 
the polymerization temperature and polymerization time to be respectively designated within ranges 
of -50 ~ 200°C and 1 ~ 100 hours. From the standpoints of the prevention of uncontrollable 
polymerization and of productivity, furthermore, it is desirable for the polymerization temperature 
and polymerization time to be respectively designated within ranges of 40 ~ 150°C and 2 ~ 50 
hours. If necessary, furthermore, the temperature may be elevated during the polymerization. 

If necessary, furthermore, the residual monomer(s) and solvent(s) may be removed upon the 
completion of the polymerization for the purpose of isolating the copolymer of the present 
invention. 

Depending on applications and qualitative requirements for the molded product, 
furthermore, a small quantity of another comonomer components) may be included in the 
copolymer of the present invention, if necessary. 

The copolymer of the present invention may, furthermore, include an additive(s) 
adventitiously" selected from among plasticizers, cross-linking"agents~ thermal stabilizers," "coloring 
agents, ultraviolet absorbents, mold releasing agents, etc. 

Either the conventionally known melt molding method or solution molding method may be 
used for molding the copolymer of the present invention. 

(Application examples) 

Next, the present invention will be explained in further detail with reference to application 
examples. Incidentally, the copolymers and molded products obtained in the application examples 
and comparative examples were evaluated according to the following methods. 

» Wftighf-hflggH awrflgf* mnlpnilar weight * Measurements were carried out by means of gel 
permeation chromatography (polystyrene standard). 

♦ Spg^fo gravity - It was calculated based on the gas substitution method. 

♦ Tensile pro perties (tensile strength, elasticity, and frarture elongation): Measurements 
were carried out according to the procedures specified in JIS K 7127. 

lending prnpt-rtifi* (henHing strength and bending ela.stirityl: Measurements were carried 

out according to the procedures specified in JIS K 7203. 

♦ fll^* transition point (T g ) : Measurements were carried out at a temperature elevation rate 
of 1 0°C/min. by using a differential scanning calorimeter (T-3000, manufactured by Metier Co.). 

*I2: The dynamic viscoelasticity was calculated based on measurement data obtained by 
using a dynamic viscoelasticity measurement device (manufactured by Rheorosin Co.). 

fr Virst's srvftpnin^ point - Measurements were carried out according to the procedures 
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specified in ASTM D 1525. 

*Water ahsnrhency: Measurements were carried out according to the procedures specified 
in ASTM D 570. 

*Cnpolymp>r composition: It was calculated by means of *NMR (270 MHz) in deuterided 
chloroform or deuterided dimethyl sulfoxide. 

Application Evamplft 1 

0.01 wt% (with respect to the total monomer weight) of 2,2'-azibisisobulyronitrile was 
added to a monomer mixture constituted by 0.25 mole of methyl methacryiate (hereafter 
abbreviated as the "MMA"), 0.25 mole of norbomene (hereafter abbreviated as the "NB"), and 0.5 
mole of maleic anhydride (hereafter abbreviated as the "MAn"), and after the obtained mixture had 
been fed into an ampule, it was vacuum-suctioned and then melt-sealed. After it had subsequently 
been heated at 60°C over a 24-hour period and then for 2 hours each at 70°C, 80°C, and then 90°C, 
the obtained reaction mixture was added drop wise to a large volume of methanol, as a result of 
which the obtained polymer was recovered. After the obtained polymer had been reprecipitated and 
purified, it was hot-pressed at 200°C forpreparing a test piece with a thickness of 1 mm and a" 
thickness of 200 nm, and it was then subjected to the aforementioned measurement procedures. 
The mechanical properties of the obtained polymer and its molded product are shown below: 
Weight-based average molecular weight (Mw): 140,700; copolymer composition: MMA unit/NB 
unit/MAn unit = 52/17/31 (molar ratio); specific gravity: 1.22 g/mL; tensile properties: Tensile 
strength: 527 kgtfcm 2 ; elasticity: 3.7 x l0 [l,lcglbIc] kgf/cm 2 ; fracture elongation: 4.2%; bending 
properties: Bending strength: 1,002 kgJ7cm 2 ; bending elasticity: 4.5 x lo tilIceiblc] kgf/cm 2 ; Tg: 165°C; 
T?: 193°C; Vicafs softening point: 179°C; water absorbency: 0.5%. 

Application Example ?. and 3 

Polymerization and purification procedures identical to those in Application Example 1 
were carried out except that the feeding molar ratio of MMA, NB, and MAn employed in 
Application Example 1 was changed to 25/50/25 or 40/30/30, as a result of which a copolymer with 
an MMA unit/NB unit/MAn unit ratio of 74/5/21 or 61/12/27 (M w of former - 403,000; Mw of 
latter = 295,000) was obtained. The respective Tg values of the former and latter copolymers were 
139°C and 166°C, whereas the dynamic properties of the molded product obtained by molding 
either copolymer were superior to their counterparts in Application Example 1 . 

Application Example 4 

Polymerization and purification procedures identical to those in Application Example 1 
were carried out except that the feeding molar ratio of MMA, NB, and MAn employed in 
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Application Example 1 was changed to 25/50/25, that lJ-azobisCcyclohexane-l-carbonitrile) was 
employed as a polymerization starter, and that the polymerization conditions were changed to 90°C 
and 24 hours, as a result of which a copolymer with an MMA unit/NB unit/MAn unit ratio of 
85/7/8 (Mw = 729,000) was obtained. The glass transition point of this copolymer was 152°C. The 
tensile strength of the molded product obtained by molding said copolymer, furthermore, was 732 
kgf/cm 2 . 

Applir.atinn.Examp1ft 5 

Polymerization and purification procedures identical to those in Application Example 1 
were carried out except MMa, NB, and N-cycIohexylmaleimide (hereafter abbreviated as the 
"CHMI") were employed in place of the respective feed materials of Application Example 1 and 
that they were fed at a molar ratio of 25/50/25. The physical properties of the obtained polymer are 
shown below: Weight-based average molecular weight (M w ): 1,340,500; copolymer composition: 
MMA unit/NB unit/CHMI unit = 66/5/29 (molar ratio); Tg: 134°C. 

The dynamic properties of the molded product obtained by molding the aforementioned 
copolymer, furthermore, were-satisfactory- — - - - - - — ~ . - ~ - 

Application Example 6 

Polymerization and purification procedures identical to those in Application Example 5 
were carried out except dicyclopentadiene was employed in place of the norbornene employed in 
Application Example 5. The physical properties of the obtained polymer are shown below: 
Weight-based average molecular weight (Mw): 151,400; copolymer composition: 
MMA/dicyclopentadiene/MAn = 73/5/22 (molar ratio); Tg: 1?9°C 

Application Fvample 7 

Polymerization and purification procedures identical to those in Application Example 5 
were carried out except l,23,4,4a,5,8,8a-octahydro-^ 

anhydride (hereafter abbreviated as the "MNAn") was employed in place of the norbornene 
employed in Application Example 5. The physical properties of the obtained polymer are shown 
below: Weight-based average molecular weight (Mw): 203,300; copolymer composition: 
MMA/MNAn/MAn = 73/5/22 (molar ratio); Tg: 14 1 °C. 

Application Examples 8 through 27 

Polymerization and purification procedures identical to those in Application Example 1 
were carried out except the respective third component monomers shown in Table I below were 
employed, as a result of which copolymers were obtained. The Tg values (°C) of the obtained 
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polymers are also shown in Table I. 

All the polymers obtained in the respective application examples were copolymers wherein 
the constituent unit ©/constituent unit (ii)/constituent unit (iii) molar ratios were confined to a 
range of (50 - 90)/(l ~ 20)/(5 - 99). 
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1(1): Application Example; (2): Monomer (i 1 ); (3): Monomer (ii'); (4): Monomer (iii*); (5): MaJeic 
anhydride; (6): N-methylrnaleimide; (7): N-cyclohcxylmaleimide; (8): N-phenylmaieimide] 

Comparative Example 1 

0.01 wt% (with respect to the total monomer weight) of 2,2 , -azobisisobutyronitrile was 
added to a monomer mixture constituted by 0.5 mole of MMA and 0.5 mole of MAn, and after the 
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obtained mixture had been fed into an ampule, it was vacuum-suctioned, melt-sealed, and then 
polymerized at 60°C over a 24-hour period. The obtained polymer was purified according to 
procedures identical to those in Application Example 1. The physical properties of the obtained 
polymer are shown below: Copolymer composition: MMA/MAn = 81/19 (molar ratio); Tg: 129°C. 

CnmpantfiYfi Example ?. 

Polymerization and purification procedures identical to those in Comparative Example 1 
were carried out except that 0.5 mole of methyl methacrylate and 0.5 mole of norbornene were 
employed in place of the respective monomers employed in Comparative Example 1. *H-NMR 
measurement data on the obtained polymer revealed that absolutely no norbornene had been 
introduced to the polymer structure. 



(Effects of the invention) 

Not only are the heat resistance and dynamic properties of the copolymer of the present 
invention excellent, but it is also transparent, and accordingly, it can be used not only for optical 

- ~ materials (e gr, optical-discs, lenses/ etc.)- buralso for- various- other application purposes (e.g;, - - 

displays, illumination appliances, transportation vehicle (e.g., automobile, etc.) components, display 
panels, [illegible] panels, building materials, etc.). Thus, its industrial values are extremely high. 
The aforementioned copolymer can, furthermore, be easily obtained by the manufacturing method 
of the present invention. 
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